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Objective: To systematically analyse the trials comparing suture mesh ﬁxation (SMF) versus glue mesh
ﬁxation (GMF) in open inguinal hernia repair (OIHR).
Methods: Trials comparing the SMF versus GMF in OIHR were analysed systematically using RevMan,
and combined outcomes were expressed as risk ratio (RR) and standardised mean difference (SMD).
Results: Seven randomised controlled trials encompassing 1259 patients were retrieved from the elec-
tronic databases. There were 628 patients in the SMF group and 653 patients in the GMF group. In the
meta-analysis, postoperative complications (RR, 1.07; 95% CI, 0.72, 1.58; z ¼ 0.34; p ¼ 0.74), postoperative
pain (SMD, 0.31; 95% CI, 0.03, 0.64; z ¼ 1.81; p ¼ 0.07), chronic groin pain (RR, 1.60; 95% CI, 0.78, 3.28;
z ¼ 1.28; p ¼ 0.20) and length of hospital stay (SMD, 0.06; 95% CI, 0.08, 0.20; z ¼ 0.82; p ¼ 0.41) were
statistically comparable between two techniques of mesh ﬁxation in OIHR. However, GMF was associated
with a reduced operating time (SMD, 0.15; 95% CI, 0.03, 0.26; z ¼ 2.38; p ¼ 0.02).
Conclusion: GMF is comparable to SMF in terms of postoperative complications, postoperative pain,
chronic groin pain and length of hospital stay. GMF is associated with a reduced operative time compared
with SMF. Based on the results of this review the GMF approach may be considered as an alternative for
mesh ﬁxation in OIHR. Results should be interpreted cautiously due to relatively short follow up time in
studies. A major, multicentre randomised, controlled trial is required to validate these ﬁndings.
 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Inguinal hernia repair by an open or laparoscopic approach is
one of the most common operations performed in general surgery,
with over 79,000 operations carried out on the NHS in the United
Kingdom during 2010/11.1 Lichtenstein hernioplasty, ﬁrst
described in 1989,2 is a widely accepted technique for open repair
of inguinal herniae due to its safety, efﬁcacy, and low recurrence
rates.3 Despite the success of Lichtenstein hernioplasty in the
management of inguinal hernia, the occurrence and handling of
chronic groin pain (CGP) has posed a signiﬁcant challenge to
surgeons. The reported incidence of CGP varies from 0.7%4 to
62.9%5 in the medical literature. The origin of CGP can be divided
into neuropathic and non-neuropathic causes. Neuropathic causes
of CGP include direct trauma to the nerves in the inguinal
region or nerve entrapment secondary to mesh related ﬁbrosis,ashington Suite, NorthWing,
l.: þ44 1903 205 111x4030;
ciates Ltd. Published by Elsevier Ltpostoperative ﬁbrosis, suture ﬁxation and the tacker ﬁxation of
the mesh. Non-neuropathic causes of CGP include the periosteal
reaction of suture ﬁxation at the pubic tubercle, the displacement
of the mesh, an inﬂammatory reaction to the mesh and potentially
the use of heavyweight mesh for hernia repair.6
A variety of techniques have been employed to tackle the
issue of CGP. The use of lightweight mesh has been shown to
reduce the incidence of chronic groin pain without increasing
hernia recurrence rates.6 Use of atraumatic mesh ﬁxation tech-
niques such as ﬁbrin or butyl-2-cyabiacrylate glues have
increased in popularity in recent years. It has been postulated
that glue mesh ﬁxation may decrease the operating time and
reduce postoperative pain compared to suture or tacker
ﬁxation of mesh.7 Various non-randomised7e10 and randomised,
controlled trials11e16 have been reported with variable incidence
of CGP and recurrence.
The objective of this article is to systematically analyse the
randomised, controlled trials comparing suturemeshﬁxation (SMF)
versus glue mesh ﬁxation (GMF) in open inguinal hernia repair
(OIHR) with regards to chronic groin pain, recurrence, operative
time, postoperative pain and postoperative complications.d. All rights reserved.
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2.1. Identiﬁcation of trials
Randomised, controlled trials (irrespective of language, country of origin,
hospital of origin, blinding, sample size or publication status) that compared the use
of traditional SMF versus GMF in OIHR were included in this review. The Cochrane
Colorectal Cancer Group (CCCG) Controlled Trials Register, the Cochrane Central
Register of Controlled Trials (CENTRAL) in the Cochrane Library, Medline, Embase
and Science Citation Index Expanded were searched for articles published up to
February 2012 using the medical subject headings (MeSH) terms “inguinal hernia”
and “groin hernia”. Equivalent free text search terms, such as “mesh repair of
inguinal hernia”, “open inguinal hernia”, “ tension free inguinal hernia repair” and
“Lichtenstein repair” were used in combination with “suture mesh ﬁxation”, “glue
mesh ﬁxation” and “ﬁbrin glue mesh ﬁxation”. A ﬁlter for identifying randomised,
controlled trials recommended by the Cochrane Collaboration17 was used to ﬁlter
out non-randomised studies in Medline and Embase. The references from the
included trials were searched to identify additional trials.
2.2. Data extraction
Two authors independently identiﬁed the trials for inclusion and exclusion and
extracted the data. The accuracy of the extracted data was further conﬁrmed by
a third author. There were no discrepancies in the selection of the trials or in data
extraction between the reviewers, except in the case of recording the severity of pain
according to the measurement scales and timing of the recorded data. All reviewers
agreed that blinding was impossible to achieve in the case of the operating surgeon.
However, there was disagreement with regard to whether the trials should be
classiﬁed as having a high or low risk of bias based on four parameters, i.e., ran-
domisation technique, power calculations, blinding and intention-to-treat analysis.
It was agreed that the lack of an adequate randomisation technique and anPotentially relevant studies 
identified and screened for 
retrieval = 81
Studies retrieved for more 
detailed evaluation = 19
Potentially appropriate 
publications on Studies to be 
included in the meta-analysis 
= 10
Publications on Studies 
included in meta-analysis = 8
Studies with usable 
information for pooled 
analysis by outcome = 7 on 
1259 patients
Fig. 1. PRISMA ﬂow chart showingintention-to-treat analysis would result in the trials being classiﬁed as having a high
risk of bias. In case of any unclear or missing information, the reviewers planned to
obtain those by contacting the authors of the individual trials.
2.3. Statistical analysis
The software package RevMan 5.1.2,19 provided by the Cochrane Collaboration,
was used for the statistical analysis to achieve a combined outcome. The risk ratio
(RR) with a 95 per cent conﬁdence interval (CI) was calculated for binary data, and
mean the difference (MD) with a 95% CI was calculated for continuous data vari-
ables. The random-effects model20 and the ﬁxed-effect model21 were used to
calculate the combined outcomes of both binary and continuous data. In cases of
heterogeneity, only the results of the random-effects model were reported.
Heterogeneity was explored using the chi2 test, with signiﬁcance set at p < 0.05,
andwas quantiﬁed18 using I2, with amaximumvalue of 30 per cent identifying low
heterogeneity.22 The Mantel-Haenszel method was used for the calculation of RR
under the ﬁxed and random effect models.23 In a sensitivity analysis, 0.5 was
added to each cell frequency for trials in which no event occurred in either the
treatment or control group, according to the method recommended by Deeks
et al.24 If the standard deviationwas not available, then it was calculated according
to the guidelines of the Cochrane Collaboration.18 This process involved assump-
tions that both groups had the same variance, which may not have been true, and
variance was either estimated from the range or from the p-value. The estimate of
the difference between both techniques was pooled, depending on the effect
weights in results determined by each trial estimate variance. A forest plot was
used for the graphical display of the results. The square around the estimate stood
for the accuracy of the estimation (sample size), and the horizontal line repre-
sented the 95% CI. The methodological quality of the included trials was initially
assessed using the published guidelines of Jadad et al. and Chalmers et al..25,26
Based on the quality of the included randomised, controlled trials, the strength
and summary of the evidence was further evaluated by GradePro,27 a toolStudies excluded = 76
Causes:
Irrelevant = 62
Studies excluded = 9
Causes:
Not RCT = 6
Letters =2
Review= 1
Studies excluded = 2
Causes:
Other fixation technique = 1
Incomplete information on 
outcomes = 1
Studies withdrawn for pooled 
analysis of outcome=1
Causes:
Duplicate publication data: 1
trial selection methodology.
Table 1
Characteristics of included trials.
Trial Year Country Age in years Male:female Duration of
follow-up
Hernia details
Hidalgo et al.11 2005 Spain 49e71 55:0 1 year - Bilateral inguinal hernia
- Similar characteristics
- No signiﬁcant difference in
their classiﬁcation
Kim-Fuchs et al.12 2012 Switzerland 264:0 5 years - Unilateral inguinal hernia
- Schumpelick classiﬁcation
used to deﬁne hernia details
SMF 56.8 (25e83)
GMF 55.1 (28e85)
Nowobilski et al.13 2004 Poland 46:0 4.7 months - Unilateral inguinal hernias
- Suture: 33% direct hernia
- Glue: 36% direct hernia
SMF 52.6 (20e78)
GMF 60.5 (30e76)
Paajanen et al.14 2011 Finland 1 year - Unilateral or bilateral
inguinal herniaSMF 53  15 135:16




2010 Italy 58 (17e85) years Males and females
over 16
14e60 months - Unilateral inguinal hernia
Wong et al.16 2011 Taiwan Males and females
over 20
3 months - Unilateral inguinal hernia
- Gilbert classiﬁcation was
used to deﬁne hernia detailsSMF 55.19  17.76
GMF 55.90  15.44
Campanelli et al.17 2012 Multicentre 1 year - Unilateral or bilateral
inguinal herniaSMF 59.0 158:0
GMF 58.0 158:0
SMF: Suture mesh ﬁxation; GMF: glue mesh ﬁxation.
Table 2
Treatment protocol adopted in included trials.
Trial Suture mesh ﬁxation group Glue mesh ﬁxation group
Hidalgo et al.11 - Right sided inguinal hernia repair
- Epidural anaesthesia þ antibiotic prophylaxis
- Lichtenstein repair using 15  7 cm polypropylene mesh.
- Hernia sac invaginated, except in 18.1% where it was resected
(in inguinoscrotal hernias or due to technical difﬁculties
or accidental opening
- Mesh ﬁxed with single interrupted
polypropylene 2/0 sutures
- Left sided inguinal hernia repair
- Epidural anaesthesia þ Antibiotic prophylaxis
- Lichtenstein repair using 15  7 cm
polypropylene mesh.
- Hernia sac invaginated, except in 20% where
it was resected (in inguinoscrotal hernias or due
to technical difﬁculties or accidental opening
- Mesh ﬁxed with ﬁbrin sealant (tissucol Duo 2 cc)
(via catheter in ﬁrst 22 patients, and spray form
in latter 23 patients)
Kim-Fuchs et al.12 - Local anaesthesia þ/ sedation or GA/spinal
- Lichtenstein repair using VIPRO II (polypropylene
and polyglactin) mesh
- Mesh ﬁxed with 2/0 PDS running suture along inguinal
ligament and interrupted sutures superiorly and medially.
- Local anaesthesia þ/ sedation or GA/spinal
- Lichtenstein repair using VIPRO II (polypropylene
and polyglactin) mesh
- Mesh ﬁxed with Histoacryl glue in dots in place
of sutures.
Nowobilski et al.13 - Local anaesthesia þ antibiotic prophylaxis
- Lichtenstein repair using polypropylene mesh.
- Mesh ﬁxed with 3/0 Dexon running suture along
inguinal ligament and interrupted sutures superiorly
and medially.
- Local anaesthesia þ antibiotic prophylaxis
- Lichtenstein repair using polypropylene mesh.
- Mesh ﬁxed with butyl-2-cyanoacrylate adhesive
over the surface.
- External oblique aponeurosis and skin was also closed
with glue adhesive.
Paajanen et al.14 - Local anaesthesia
- Lichtenstein repair using 9  13 cm trimmed lightweight
polypropylene mesh
- Indirect hernia sacs either resected or inverted into abdomen.
- Mesh ﬁxed using absorbable 3/0 polyglycolic
acid sutures
- Local anaesthesia
- Lichtenstein repair using 9  13 m trimmed lightweight
polypropylene mesh
- Indirect hernia sacs either resected or inverted
into abdomen.
- Mesh ﬁxed using 1 ml butyl-2-cyanoacrylate
tissue glue
Testini et al.15 - Lichtenstein repair using Prolene mesh and plug ﬁxed
with 3/0 Prolene interrupted stitches.
Regional nerved were preserved
- Fibrin glue or N-butyl-2-cyanoacrylate glue was
used to ﬁx Prolene mesh and plug
Wong et al.16 - Prolene Hernia System and Bard Modiﬁed Kugel Hernia
Patch were used.
- Mesh was ﬁxed with Polyglactin monoﬁlament stitches
- Fibrin glue was used to ﬁx Prolene mesh
Campanelli et al.17 - Local, regional or general anaesthesia
- Lichtenstein repair using 8  15 cm trimmed
heavyweight polypropylene mesh
- Absorbable suture to narrow internal ring (indirect hernia)
or to repair posterior wall (direct hernia)
- Mesh ﬁxed using polypropylene 2/0 to
inguinal ligament and resorbable interrupted
suture on internal oblique
- Local, regional or general anaesthesia
- Lichtenstein repair using 8  15 cm trimmed
heavyweight polypropylene mesh
- 0.5 ml ﬁbrin sealant applied dropwise on pubic
tubercle and mesh pressed on it for 2 min 1.5 ml
ﬁbrin glue sprayed over entire surface of the
mesh in a thin layer.
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Table 3
Variables used for meta-analysis.
Trial Patients (n) Operation time Perioperative pain
score: 1e30 days
Complications Chronic groin pain Recurrence Stay
Hidalgo et al.11 a Not reported Not reported Not reported
SMF 55 3 0 0
GMF 55 2 0 0
Kim-Fuchs et al.12
SMF 133 79 (40e120)* Not reported 5 21 5 3.39 (1e9)
GMF 131 73 (25e150)* 3 13 8 3.35 (2e13)
Nowobilski et al.13 Not reported
SMF 24 42.1  9.1 5.0 (0e20)* 0 0 1.75  0.66
GMF 22 40.2  10.5 4.1 (0e20)* 0 0 1.25  0.46
Paajanen et al.14 Not reported
SMF 151 36  13 1.0  1.3 6 22 2
GMF 151 34  12 1.0  1.2 13 29 2
Testini et al.15 Not reported
SMF 59 54.5  11.44 9 7 0 1.32  0.55
GMF 106 55.1  9.80*** 6 1 0 1.30  0.54***
Wong et al.16 Not reported Not reported Not reported Not reported
SMF 26 1.9  0.4** 7
GMF 30 1.5  0.4** 4
Campanelli et al.17
SMF 158 41.5  11.9 1.68  0.3** 13b 23 2 0.7  0.718*
GMF 158 39.8  12.1 1.59  0.3** 17b 12 1 0.7  0.718*
* Standard deviation estimated from the range; **standard deviation estimated from the p-value; ***estimated from the mean of ﬁbrin glue group and cyanoacrylate glue
group.
SMF: Suture mesh ﬁxation; GMF: glue mesh ﬁxation.
a Total 55 patients, bilateral inguinal herniae.
b Intraoperative complications.
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ﬁxation and ﬁbrin glue ﬁxation under a single technique of GMF.
3. Results
The PRISMA ﬂow chart to explain the literature search strategy
and trial selection is given in Fig. 1. Seven trials11e17 encompassing
1259 patients were retrieved from the electronic databases. There
were 628 patients in the SMF group and 653 patients in the GMF
group. The characteristics of the included trials are provided in
Table 1. The salient features and treatment protocols adopted in the
included trials are given in Table 2. The data and variables used to
achieve a combined outcome are given in Table 3.
3.1. Methodological quality of included studies
According to Jadad et al. and Chalmers et al.25,26 the quality of
included trials was inadequate due to the absence of adequate
allocation concealment and intention-to-treat analysis [Table 4].
Based on the quality of included trials, the strength and summary of
evidence analysed on GradePro27 is given in Fig. 2.
3.2. Operating time
There was no signiﬁcant heterogeneity (chi2 ¼ 2.21, df ¼ 4,
[p ¼ 0.70]; I2 ¼ 0%) between trials. In the ﬁxed-effects model (SMD,Table 4
Quality assessment of included trials.
Trial Randomisation technique
Hidalgo et al.11 Not stated
Kim-Fuchs et al.12 Numbered and sealed envelopes
Nowobilski et al.13 Not stated
Paajanen et al.14 Numbered and sealed envelopes
Testini et al.15 Numbered and sealed envelopes
Wong et al.16 List of sequential numbers were used for randomisation
Campanelli et al.17 Computerised randomization in block sizes of 2,4,60.15; 95% CI, 0.03, 0.26; z ¼ 2.38; p ¼ 0.02; Fig. 3), there was




[p¼ 0.010]; I2¼ 74%) among trials. In the random-effectsmodel (SMD,
0.31; 95% CI, 0.03, 0.64; z ¼ 1.81; p ¼ 0.07; Fig. 4), the perioperative
painwith and without GMF was statistically similar following OIHR.
3.4. Postoperative complications
There was no signiﬁcant heterogeneity (chi2 ¼ 9.13, df ¼ 5,
[p ¼ 0.10]; I2 ¼ 45%) among trials. In the ﬁxed-effects model (RR,
1.07; 95% CI, 0.72, 1.58; z ¼ 0.34; p ¼ 0.74; Fig. 5), the risk of
developing postoperative complications was statistically similar
following GMF compared to SMF.
3.5. Chronic groin pain
There was signiﬁcant heterogeneity (Tau ¼ 0.35 Chi2 ¼ 10.82,
df ¼ 3, [p ¼ 0.01]; I2 ¼ 72%) between trials. In the random-effects
model (RR, 1.60; 95% CI, 0.78, 3.28; z ¼ 1.28; p ¼ 0.20; Fig. 6), the
risk of developing chronic groin pain following the use of GMF and





No No Not stated Not stated
No No Not stated Not stated
No No Not stated Not stated
Yes No Yes Yes
Yes Yes Not stated Not stated
Yes Yes Not stated Yes
Yes Yes Yes Yes
Fig. 2. Strength and summary of the evidence analysed on GradePro.
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There was no signiﬁcant heterogeneity (Chi2 ¼ 0.84, df ¼ 2
(P ¼ 0.66); I2 ¼ 0%) between trials. In the ﬁxed-effects model (RR,
0.81; 95% CI, 0.34, 1.92; z ¼ 0.48; p ¼ 0.63; Fig. 7), the risk of
developing chronic groin pain following the use of GMF and SMF
was statistically similar.
3.7. Length of hospital stay
There was no signiﬁcant heterogeneity (Chi2 ¼ 7.06, df ¼ 3
(P ¼ 0.07); I2 ¼ 57%) among trials. In the random-effects model
(SMD, 0.06; 95% CI, 0.08, 0.20; z ¼ 0.82; p ¼ 0.41; Fig. 8), theFig. 3. Forest plot for operation time following the use of suture mesh ﬁxation (SMF) and g
are shown with 95 per cent conﬁdence intervals.length of hospital following OIHR in the SMF group and the GMF
group was statistically similar.
4. Discussion
Tissue glues have been in existence for over 20 years and used in
surgery for a variety of indications including abdominal skinwound
closure,28 haemostasis during liver resection29 and endoscopic
treatment of gastro-oesophageal bleeding and varices.30
Use of ﬁbrin based (Tissucol/Tisseele Baxter Healthcare) and N-
butyl-2-cyanoacrylate based adhesives (Glubran 2 - GEM Srl) in
inguinal hernia surgery were ﬁrst reported in the mid-nineties.31,32
Apprehensions remain regarding long term results of glue basedlue mesh ﬁxation (GMF) in open inguinal hernia repair. Standardised mean differences
Fig. 4. Forest plot for post-operative pain following the use of suture mesh ﬁxation (SMF) and glue mesh ﬁxation (GMF) in open inguinal hernia repair. Standardised mean
differences are shown with 95 per cent conﬁdence intervals.
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mesh secondary to reduced strength of the glue over time. This may
lead to increased recurrence rates or abnormal sensation of the
mesh by the patient. This systematic review demonstrates that the
GMF in OIHR provides results that are statistically comparable to
SMF. It has shown to have similar recurrence and complication
rates compared to SMF as well as comparable prevalence of chronic
groin pain and length of hospital stay. Overall operative time was
shorter using GMF compared to SMF. Postoperative and chronic
groin pain tend to favour GMF compared to SMF however they did
not meet statistical signiﬁcance in our study.
The development of postoperative CGP in patients undergoing
open inguinal hernia repair is a multi-factorial phenomenon. Pain
can be experienced due to nerve resection, nerve compression from
sutures, foreign body reaction caused by the mesh or tension on
muscle ﬁbres.13 Various strategies to tackle postoperative CGP have
been reported with favourable as well as controversial outcomes.
Careful identiﬁcation and preservation of the regional nerves
during inguinal hernia surgery have been shown to reduce the
overall incidence of CGP from 21.6% to 5.5%.33 The use of light-
weight mesh in Lichtenstein hernioplasty has also shown reduced
rates of CGP in a recently published meta-analysis of 11 rando-
mised, controlled trials.7 Self-gripping meshes with a surface
covering of absorbable micro hooks for tissue ﬁxation negating the
need for suture or glue ﬁxation are another innovation with much
interest in hernia surgery to address CGP. To date only two rand-
omised controlled trials have been published in this area, with the
Danish DANGROUP study34 ﬁnding no difference in acute or
chronic pain after OIHR with self-gripping mesh compared to
sutures, however interim results from Kingsnorth et al.35 have
shown improved pain scores in the self-gripping mesh group.
Based on the results of this article, atraumatic mesh ﬁxation
with glue may potentially be another measure to reduce the inci-
dence of CGP. Careful dissection and avoidance of nerve entrap-
ment during mesh ﬁxation and posterior wall repair may also be
important in order to control the incidence of CGP. Authors
consider a multidirectional approach in the form of a combination
of these strategies to be adopted in the endeavour to reduce theFig. 5. Forest plot for postoperative complications following the use of suture mesh ﬁxatio
shown with 95 per cent conﬁdence intervals.incidence of CGP in patients undergoing open inguinal hernia
repair instead of considering a change in mesh ﬁxation technique
only.
There are several limitations to the present review. There were
signiﬁcant differences in inclusion and exclusion criteria among the
included trials such as the recruitment of unilateral inguinal hernia
and bilateral inguinal hernia. Further sub-classiﬁcation of the
inguinal hernia in the form of direct and indirect was not consid-
ered at the time of patient selection which may have a signiﬁcant
effect on results. There was variation in the glue administration
between trials, with some using dots of glue where sutures would
normally be inserted, whilst others coated themesh in a thin ﬁlm of
glue for adhesion. Similarly there was variation in the method of
hernia repair, with two studies using hernia plugs in addition to
a mesh layer on the posterior wall which may affect complication
rates and postoperative pain rates. Varying degrees of differences
also existed amongst trials concerning the deﬁnitions of “chronic
groin pain” and “measurement scales for postoperative pain”.
Randomised, controlled trials with fewer patients in this review
may not have been sufﬁcient to recognise small differences in
outcomes. Follow up periods in the included studies ranged from 3
months to 60months, with themajority of trials with a follow up of
a year or less which may be insufﬁcient for determining accurate
recurrence and chronic groin pain rates. Variables such as foreign
body sensation, groin stiffness and decreased groin compliance
should have been considered because displaced and rolled upmesh
is more likely to cause these symptoms. In addition, before glue
ﬁxation can be considered for universal adoption a cost beneﬁt
comparison is required to assess if using glue is economically viable
compared to suture ﬁxation, as ﬁbrin glue typically costs approxi-
mately 100 Euros per millilitre17 compared to approximately 10
Euros for sutures.
Our conclusion is based on the summated outcome of seven
randomised, controlled trials but it should be considered cautiously
as the quality of these trials is moderate. There is still a lack of
stronger evidence to support the routine use of GMF in OIHR but it
can be considered as an alternative in selected groups of patients
who may be more prone to experience pain.n (SMF) and glue mesh ﬁxation (GMF) in open inguinal hernia repair. Risk ratios are
Fig. 6. Forest plot for chronic groin pain following the use of suture mesh ﬁxation (SMF) and glue mesh ﬁxation (GMF) in open inguinal hernia repair. Risk ratios are shownwith 95
per cent conﬁdence intervals.
Fig. 7. Forest plot for length of hospital stay following the use of suture mesh ﬁxation (SMF) and glue mesh ﬁxation (GMF) in open inguinal hernia repair. Standardised mean
differences are shown with 95 per cent conﬁdence intervals.
Fig. 8. Forest plot for recurrence following the use of suture mesh ﬁxation (SMF) and glue mesh ﬁxation (GMF) in open inguinal hernia repair. Standardised mean differences are
shown with 95 per cent conﬁdence intervals.








N.Ladwa e Study design, data collection, data analysis, writing
M.Sajid e Study design, data analysis, review of article
P.Sains e Review of article, study design
M. Baig e Review of article, study designReferences
1. Hospital Episode Statistics data 2010e2011: http://www.hesonline.nhs.
uk/Ease/servlet/ContentServer?siteID¼1937&categoryID¼215 [accessed 15.01.
2012].
2. Amid PK. Lichtenstein tension-free hernioplasty: its inception, evolution and
principles. Hernia 2004;8:1e7.
3. Kurzer M, Belsham PA, Kark AE. The Lichtenstein repair for groin hernias. Surg
Clin N Am 2003;83:1099e117.4. Kingsnorth AN, Bowley DMG, Porter C. A prospective study of 1000 hernias:
results of the Plymouth Hernia Service. Ann R Coll Surg Engl 2003;85:
18e22.
5. Cunningham J, Temple WJ, Mitchell P, Nixon JA, Preshaw RM, Hagen NA.
Cooperative hernia study. Pain in the post repair patient. Ann Surg 1996;224:
598e602.
6. Sajid MS, Leaver C, Baig MK, Sains P. Systematic review and meta-analysis of
the use of lightweight versus heavyweight mesh in open inguinal hernia repair.
Br J Surg 2012;99:29e37.
7. Canonico S, Santoriello A, Campitiello F, Fattopace A, Corte AD, Sordelli I, et al.
Mesh ﬁxation with human ﬁbrin glue (Tissucol) in open tension-free inguinal
hernia repair: a preliminary report. Hernia 2005;9:330e3.
8. Descottes B, Bagot d’Arc M. Fibrin sealant in inguinal hernioplasty: an obser-
vational multicentre study in 1,201 patients. Hernia 2009;13:505e10.
9. Jain SK, Vindal A. Gelatin-resorcin-formalin (GRF) tissue glue as a novel
technique for ﬁxing prosthetic mesh in open hernia repair. Hernia 2009;13:
299e304.
10. Negro P, Basile F, Brescia A, Buonanno GM, Campanelli G, Canonico S, et al.
Open tension-free Lichtenstein repair of inguinal hernia: use of ﬁbrin glue
versus sutures for mesh ﬁxation. Hernia 2011;15:7e14.
11. Hidalgo M, Castillo MJ, Eymar JL, Hidalgo A. Lichtenstein inguinal hernioplasty:
sutures versus glue. Hernia 2005;9:242e4.
12. Kim-Fuchs C, Angst E, Vorburger S, Helbling C, Candinas D, Schlumpf R.
Prospective randomized trial comparing sutured with sutureless mesh ﬁxation
for Lichtenstein hernia repair: long-term results. Hernia 2012;16:21e7.
13. Nowobilski W, Dobosz M, Wojciechowicz T, Mionskowska L. Lichtenstein
inguinal hernioplasty using butyl-2-cyanoacrylate versus sutures. Preliminary
experience of a prospective randomized trial. Eur Surg Res 2004;36:367e70.
14. Paajanen H, Kössi J, Silvasti S, Hulmi T, Hakala T. Randomized clinical trial of
tissue glue versus absorbable sutures for mesh ﬁxation in local anaesthetic
Lichtenstein hernia repair. Br J Surg 2011;98:1245e51.
N. Ladwa et al. / International Journal of Surgery 11 (2013) 128e135 135
REVIEW15. Testini M, Lissidini G, Poli E, Gurrado A, Lardo D, Piccinni G. A single-surgeon
randomized trial comparing sutures, N-butyl-2-cyanoacrylate and human
ﬁbrin glue for mesh ﬁxation during primary inguinal hernia repair. Can J Surg
2010;53:155e60.
16. Wong JU, Leung TH, Huang CC, Huang CS. Comparing chronic pain between
ﬁbrin sealant and suture ﬁxation for bilayer polypropylene mesh inguinal
hernioplasty: a randomized clinical trial. Am J Surg 2011;202:34e8.
17. Campanelli G, Pascual MH, Hoeferlin A, Rosenberg J, Champault G, Kingsnorth A,
et al. Randomized, controlled, blinded trial of Tisseel/Tissucol for mesh ﬁxation
in patients undergoing Lichtenstein technique for primary inguinal hernia
repair: results of the TIMELI trial. Ann Surg 2012 Apr;255(4):650e7.
18. Higgins JPT, Green S editors. Cochrane Handbook for systematic reviews of
Interventions Version 5$0$0 (updated February 2008). http://www.cochrane-
handbook.org [accessed 15.01.2012].
19. Review Manager (RevMan) [Computer program]. Version 5.0. Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration; 2008.
20. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trial.
1986;7:177e88.
21. DeMets DL. Methods for combining randomized clinical trials: strengths and
limitations. Stat Med 1987;6:341e50.
22. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med 2002;21:1539e58.
23. Egger M, Smith GD, Altman DG. Systematic reviews in healthcare. London: BMJ
Publishing; 2006.
24. Deeks JJ, Altman DG, Bradburn MJ. Statistical methods for examining hetero-
geneity and combining results from several studies in meta-analysis. In:
Egger Matthias, Smith George Davey, Altman Douglas G, editors. Systemic
reviews in health care: meta-analysis in context. 2nd ed. London: BMJ Publica-
tion group; 2001. p. 285e312.
25. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ.
Assessing the quality of reports of randomized clinical trials: is blinding
necessary? Control Clin Trial. 1996;17:1e12.26. Chalmers TC, Smith Jr H, Blackburn B, Silverman B, Schroeder B, Reitman D.
A method for assessing the quality of a randomized control trial. Control Clin
Trial. 1981;2:31e49.
27. Cochrane IMS. http://ims.cochrane.org/revman/otherresources/gradepro/
download [accessed 15.01.2012].
28. Keng TM, Bucknall TE. A clinical trial of tissue adhesive (histoacryl) in skin
closure of groin wounds. Med J Malaysia. 198; 44: 122e128.
29. Chapman WC, Clavien P, Fung JJ, Block JE. Managing hepatic bleeding
with autologous plasma/collagen-based ﬁbrin sealant. Arch Surg
2001;136:967.
30. Dhiman RK, Chawla Y, Taneja S, Biswas R, Sharma TR, Dilawari JB. Endoscopic
sclerotherapy of gastric variceal bleeding with N-butyl-2-cyanoacrylate. J Clin
Gastroenterol 2002;35:222e7.
31. Farouk R, Drew PJ, Qureshi A, Roberts AC, Duthie GS, Monson JRT. Preliminary
experience with butyl-2-cyanoacrylate adhesive in tension-free inguinal
hernia repair. Br J Surg 1996;83:1100.
32. Canonico S, Sciaudone G, Paciﬁco F, Santoriello A. Inguinal hernia repair in
patients with coagulation problems: prevention of postoperative bleeding with
human ﬁbrin glue. Surgery 1999;125:315e7.
33. Alﬁeri S, Rotondi F, Di Giorgio A, Fumagalli U, Salzano A, Di Miceli D, et al.
Inﬂuence of preservation versus division of ilioinguinal, iliohypogastric, and
genital nerves during open mesh herniorrhaphy: prospective multicentric
study of chronic pain. Ann Surg 2006;243:553e8.
34. Jorgensen LN, Sommer T, Assaadzadeh S, Strand L, Dorfelt A, Hensler M, et al.
Randomized clinical trial of self-gripping mesh versus sutured mesh for Lich-
tenstein hernia repair. Br J Surg 2012 Nov 30. http://dx.doi.org/10.1002/bjs.
9006 [Epub ahead of print].
35. Kingsnorth A, Gingell-Littlejohn M, Nienhuijs S, Schüle S, Appel P, Ziprin P,
et al. Randomized controlled multicenter international clinical trial of self-
gripping Parietex ProGrip polyester mesh versus lightweight poly-
propylene mesh in open inguinal hernia repair: interim results at 3 months.
Hernia 2012 Jun;16(3):287e94.
